IN THE BEGINNING, long before the earth's primordial organisms had evolved proteins or the genetic code, the fundamental chemistry of life was carried out by that complex and versatile molecule known as RNA: ribonucleic acid. Every bit of genetic information on the planet was encoded in RNA. Every chemical reaction in every cell's metabolism was catalyzed by RNA. The infant Earth of some 4 billion years ago was an "RNA World."
Or that, at least, is the conventional wisdom. This idea that life began with RNA gained widespread acceptance in the early 1980s, when Thomas Cech of the University of Colorado and Sidney Altman of Yale University demonstrated that RNA does indeed have the wherewithal to do everything needed for life. Not only is it a key part of the cell's genetic machinery, they found, but it can play a functional role, catalyzing reactions in much the same way as the protein enzymes can-a discovery that eamed them the 1989 Nobel Prize in chemistry. By now, the RNA-World scenario has acquired so much cachet that popular discussions, and even some molecular biology textbooks, present it as virtually an established fact.
And yet, within the small community of origin-of-life researchers, one can sense a certain unease with that conventional wisdom. The fact is that the RNA-World ontaining structure known as a ribosome, which is the factory site where the assembly will actually take place. And finally, the amino acids that will make up the final protein are brought in by swarms of "transfer" RNA molecules, which line up along the messenger RNA so that their amino acids can be linked in order.
Given all that, said Orgel, Crick, and Woese, and given the strong structural similarities between RNA and DNA, it seemed plausible that the RNA system could have evolved first, and that DNA could have arisen later as a variant molecule specialized for preserving genetic information. At the same time, one could imagine RNA catalysts-if they existed-gradually taking on bits of protein to improve their function, until the protein took over completely.
Orgel and Crick's idea was undeniably appealing. Without that evidence for RNA catalysis, however, it lay dormant until the early 1980s-when it was revived in spectacular fashion by the findings of Cech and Altman. The result has been the current wave of enthusiasm for the RNA-World hypothesis, accompanied by a rush to the lab bench by chemists and molecular biologists trying to find out just how much RNA can do.
A lot, as it tums out. Catalytic RNA segments-"ribozymes"-have proved to be quite adroit at cutting, joining, and moving around pieces ofother RNA molecules. And there are even some intriguing hints that ribozymes can recognize and manipulate amino acids directly-which makes it conceivable that they might be able to make proteins directly. If so, says Cech, "that would be spectacular, the last remaining frontier" in demonstrating that RNA could really do everything needed for life.
And yet, as Joyce points out, the weakest link in the whole RNA-World hypothesis is still this question oforigin. would have been ubiquitous-which means that you would never have gotten a chain at all, but a series of abortive, incompatible fragments. Moreover, even if you imagine that a few hundred million years of trial and error would have allowed a long sequence of the correct isomers to line up by chance, there's still a quandary. To inherit the earth, says Joyce, that serendipitous RNA molecule would have had to reproduce itselfpresumably by using its own sequence of bases as a template to build a complementary sequence in a new stretch of RNA. But as soon as it tried to do so, it would find the complementary sequence contaminated with the same mix of isomers as before. The result: no new chain.
So in the end, says Joyce, , the most reasonable assumption is that life did not start with RNA. It must have started with something simpler, something that could have worked out all these problems in advance. The question is, what?
The only correct answer is "who knows?": The evi-RNA skeptic dence has been obliterated ble," says Chri isti bv 4 billion vears of evolution. Nonetheless, Orgel, Joyce, Schwartz, and University of California, San Diego, biochemist Stanley Miller have spent the past few years exploring some plausible candidates. One of their favorites is the molecule glycerol, a flexible, three-carbon chain that is more stable than ring-shaped ribose and that could have accumulated on the' primordial Earth in relatively large amounts. Glycerol also could have combined with adenine and the other bases without producing the "nonbiological" isomers that plague ribose. And finally, the resulting glycerolbase unit would have been equivalent to a ribose-base unit with one carbon atom snipped out of the ribose ring-which means that evolution could have slowly converted a chain of these glycerol units into modern RNA simply by inserting that carbon, presumably to make the chain stiffer and more durable. 
